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INTRCDUCTION In the field of mapping tidal shore-

line, NOAA's National Ocean Survey,
Since the beginning of history, the (NOS) formerly the Coast and Geo-
need has existed for one device or detic ‘Survey, whose expertise in
another to distingulsh one man's these matters dates back 165 years,
territory from his neighbor's. Even is recognized as an impartial tech-
the song of some birds proclalims nical expert, and its advice and
soverelgnty over an area within ear-. guldance has been, and will be
ghot of other feathered potential sought by the courts, the states,
invaders. federal agencles and private in-

terests in resolving technical prob-
Individuals, communitles, and nations lems related to shore and sea bound-
depend on agreements, treaties, con- arlies, Today, a photogrammetric
tracts and laws to state the terms method, described later in this paper,
of boundary arrangements, but the is avallable which permits the accu-
mogt important prerequisite for an rate compllation of the low-water
accurate geographlc boundary is a line for the establishment of coasgtal
modern map., In this age of spe- basgelines essential for the delimita-
clalization, establishing a base- tlon of coastal boundaries,
line for positioning the offshore '
boundary between federal and state The low-water line, (necessarily in-
property requires a speclal map, terpreted as the mean low-water line
Although such a map serves primarily along the Atlantic and Gulf Coasts,
as a tool for legal boundary deter- and the mean lower-low-water line
minations of state, federal and in- bordering the Pacific Ocean), was
ternational ownershlp, it may also adopted by the Conventions on the
be useful for the control and de- Law of the Sea in Geneva, 1958, as
velopment of the continental shelf the taseline from which a natlion's
regources, for research studiles, to territorial sea would be measured,
control the ecology of the coastal This, and various other claims, in-
zone, and for other coastal zone cluding the entire zonal pattern
management problems, of offshore water must necessarily

be measured from this line,
HeTerences & lllustrations at end ol pPappr i
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Most of our coastal states have been
granted jurisdiction over submerged
lands extending a distanoce offshore
from the bagseline to three nautical
miles, (also expressed as "geographic
miles™) which corresponds to one
league, a former unit of measurement
used in marine terminology. A
commonly accepted, but not necessar-
ily irrefutable atatement attributes
the three-~mile breadth to the dis-
tance a cammonball could be fired,
Because of claims existing at the
dates of statehood, only Texas and
the Gulf Coast of Florida have a
propietary interest in a submerged
belt of land nine miles wide along
the coast., These ¢claims were up-
held by the Supreme Court decision
of May 31, 1960,

The configuration of the coastline
may vary from very straight and un-
complicated, to one with exceedingly
complex lrregularities, and may be
fragmented with an intricate pattern
of offshore islands, Thus, a base-
line from which to measure offshore
zones may range from a straight

line or & smooth curve offering no
problems to a complex land-water
belt of contact requiring geometric
principles on which a theoretical
coagtline may be established,

This paper describes the application
of modern nethods of infrared pho-
tography and photogrammetry to
mapping of the mean low-water line
where ground survey methods are
prohibitively difficult and ex-
pensive.

ESTABLISHMENT OF TIDAL DATUMS

The establishing of boundarles de-
termined by the course of the tides
involves two englineering aspects:

a vertical one predicated on the
helght reached by the tide during
its vertical rise and fall and
constituting a ti1dal plane; and a
horizontal ons relating to the line
where the tidal plane intersects
the shore to form the boundary de~
gired., The first is derived from
tidal observations alone and once
derived (on the basis of long-
period observations) is for all
practical purposes & permanent one,

The Becond depends on the first and
can be determined therefrom by level-
ing from tidal benochmarks, or by
photographing the shore at the proper
instant of the tidal cycle, 1l.e.,

at mean low water, or mean lower~low:
water, The boundary line thus de-
termined and mapped on the national
horizontal datum is permanently
recorded in horizontal position as
the boundary on the specific date

of the survey,

Tidal datums whioch have their origins
in the rise and fall of the tides
posaess the advantages of simplicity
of definition, accuracy of deter-
mination and certainty of recovery.
It 18 for these reasons that tidal
datums are used in hydrographic sur-
veying and nautical charting, and in
the demarcation of seaward boundaries,
Of prime importance in this dis-
cussion 18 the tidal datum of mean
low water which, as previously men-
tioned, serves as the basis for
establishing the Federal-~State off~
shore boundary line,

Tide observations are required at
gselect locations along the ocoast to
establish the local mean low water
datum., By definition, this mean
value is determined by the average
helght of the low waters over an
epproximate 19~-year period. How-
ever, shorter perlods of observation
can be made and corrections applied
to eliminate known variations and
reduce the result to the equivalent
of a 19-year value. In general, an
observation period of one year is
used as the besic period of rescord
from which to derive the datums.

The reduction to mean values 1s made
by referring these observations to
a tidal epoch of 18,6 years through
comparison with simultaneous obser-
vations at a control tide station.

Preliminary tide gage locations are
selected in the office, and final
gite selection 1s made after a
thorough field reconnalssance 1is
completed and all necessary per-
missions are obtained. A Fischer-
Porter Automatic Data Recording (ADR)
tide gage (Fig. 1) is installed at
each selected site and indexed to a
fixed, graduated tide staff. Five
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permanent tidal benchmarks are also
established in the vicinity of each
station and connected to the starf
by precise leveling. These marks
provide a means of recovering the
local datums if the staff should be
removed or deastroyed and, by peri-
odio releveling, can be used to
verify that the staff has not moved
“vertically.

The punched tape record is collected
from each gage once each month and
forwarded to the office for reduction
and comparison with simultaneous
observations at the control tide
gstation, The basle data provided by
the tape are the water height and

the time of observation, taken
around the clock at six-minute inter-
vals. The end products of the re-
duction process are the local mean
high water and mean low water datum
planes at each tide statlion, re-
lative to the staff and the tidal
benchmarks, (Only the mean low
water datum is required in deter-
mining the Federal-State boundary
baseline).

SURVEY PLANNING

Once the tidal datum planes are
established, planning commences for
the mapping phases which include
field surveys, aerlal photography,
gurface support for the mean low-
water line photography, aerotrian-
gulation snd map compllation. The
mapping scale is selected, based
upon the job requirements, whlch 1s
generally 1/20,000 scale (1" = 1,666
ft.) for offshore Federal-State
boundaries. Modern mapping cameras
and films permit considerable en-
largement of “the aerial photographs,
so the photographs may be taken at
scales between 1/20,000 and 1/60,000
depending upon the terraln, configur-
ation of the shoreline and density
of existing control,

The project planner prepares a job
diagram upon which he plots the map
sheet layout, locations of tilde
gages and tide staffs, including
tide ranges and time differsnces

for each location, He also indicates
locations of horizontal control

stations and draws the proposed
photographic flight lines to take
best advantage of the ocontrol sta-
tions and to fit the configuration
of the phoreline between the tide
gages and staffs,

Using Tide Tables published by the
National Ocean Survey, the project
planner then selects a tentative
group of dates when low waters are
predicted to occur during photo-
graphlic daylight hours, and sched-
ules the photography during a

seagon of the year when good weather
is antioclpated. In his instructlons
to the photo mission and the fleld
support party, the planner 1lndlcates
the predicted dates and times for
photographing each flight line at
mean low water. Those times are of
course modified in the field to
agree with actual tlde observations
and field conditions,

PIELD SURFACE SUPPORT OPERATIONS

Support by fleld parties is pro-
grammed into the aerlal photography
system for achleving a high degree
of photogrammetric precision. Such
an operation requires close coopera-
tion between alr photo mission per-
sonnel and the field party. There-
fore a photogrammetric field party
that 1s expert in performing 1) tide
observations (Fig. 2), 2) horizontal
control surveys %Fig. 3), and 3)
establishing a radio communication
system between tide staff observers,
a central command post and the air-
craft, arrives on the working
grounds, and completes those phases
before photography 1s scheduled to
commuence, Transportation for the
surface units is usually by & com=-
bination of truck, skirff, and leased
helicopters.

The tildes experts at Natlonal Oocean
Survey headquarters furnish to the
field party the water level value of
mean low water for each tide staff
in the project, A few hours prior
to, and durlng aeriael photographic
operations, tide observers con-~
tinually report staff readings to
the central command post, From an
analysls of those observations the
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Chief of Party, who is in radlo
oontact with the alroraft, sched-
ules photography over each flight
line when the water level is at

the local mean low water datum plane.

AERTAL PHOTOGRAPHY

The alr photo mission (Pig. I}) arrives
on the working grounds a day or two
in advance of the date aerlial pho-
tography is scheduled to commence.,
This permits a "dry run" for per-
fecting radlio communications, check-
ing adequacy and completeness of

the surface support and finalizing
the plan of operations,

Tide observers are on station a
minimum of one hour baefore aerial
photography is scheduled to start,
reporting their observations to the
command post, The alroraft arrives
overhead a few minutes before optimum
tide conditions are expected to
occur and the alrcraft commander is
briefed as to the tide conditions

by the command post. Weather, sea
conditions, sun glitter on the water,
and haze add variables to the many
problems that continually confront
the zerial photographic operation,
and are taken into account as each
line is flown.

The ailrcraft 1s equipped with three
cameras (Fig. 5). Photographs are
taken with 60% forward lap, which
permits three dimensional viewing,
and accommodates stereoscopic in-
strument plotting during the map
compilation phase. On the Mississ-~
1ppl Delta projlect, two aerial
cameras were operated simultaneously,
One camera took true color aerial
photographs for mapping interior
features, and the other camera took
black-and-white infrared photographs
for mapping the mean low-water line,

Color photography portrays the land-
scape as it 18 viewed in nature, It
ig particularly useful for charting
alds to navigation and for the in-
terpretation of natural and cultural
features to be mapped. It provides
a wealth of detall not visible on
the black-and-white infrared pho-
tographs and saves a conslderable
amount of fleld time which would

otherwise be necessary to clarify
details on the photograph, thus re-
duoing field inspection and fileld
surveys to a minimum,

Care 18 exercised to take the black-
and-white infrared photographs exac-
tly at mean low-water or slightly
below and repeated again slightly
above, thus bracketing the mean low-
water line, The camera, film and
filter combination produces pho-
tographs (Pigures 6 and 7) which
portray water as a black tone, and
land by a light grey tone, thus
enabling the compller to trace
acourately the water line at the
moment the plctures are taken,

The reason for the water photograph-
ing black has nothing to do with
thermal radlationg it is the result
of an extremely low, near infrared
energy return from the water to the
film in the camera, The water ab-
sorbs -the near infrared energy
whereas the sand beach and vegetation
on land are excellent reflectors of
near infrared energy, and the filter
absorbs the blue and green radiatilon.

At the close of operations each day,
the exposed aerial f£ilm is shipped
via alr to the Natlional Ocean Survey
laboratory in Washington, D.C. for
developing and evaluating (Fig. 8)
followed by print processing (Fig. 9).
Prints are then forwarded to the field
for inspection and verification pur-
poses,

FIELD INSPECTION

The next step after completion of
photography 18 to examine the pho-
tographs in the field which 18 done
in conjunction with an inspection of
the mean low-water line., This is
best accomplished by helicopter and
requires observers at the selected
tide staffs to inform the field in-
spector continually as to the height
of tide. :

Such an Inspection 1is necessary to
confirm or negate the existence of
borderline detached low water ele-
vations such as small shell banks,
sand bars (Fig. 10), and mud lumps
which materlally affect the offshore
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placement' of the Federal-State sea-
ward boundary, and to ald the offlice
conpiler in his interpretation of
the mean low-water line. The fleld
ingpector records his findings
directly on the infrared photographs
and supplements them whereever
necessary -by survey records and hand
held photographs.

AEROTRIANGULATION

In order to use aerial photographs
for mapping, the elevations and
positions of several well distri-
buted points .on each photograph are
required. Formerly this information
wag obtained by laborious field sur~
vey methods, but modern technology,
mown as aerotrlangulation, eliminates
much of this fleld work,

A few control stations for aero-
triangulation are selected, recovered
and premarked (Fig. 3) in the field
in advance of aerial photography.
The control requirements are fur-
nished to the fleld party on a job
dlagram as described above in sur-
vey planning. Premarking of control
is accomplished by paneling with
plastic or muslin material., The
target dimensions are speclfiled as
& function of aerotriangulation
photography scale, but must some=-
times be modified because of terrain
conditions, In instances where the
control station may be obscured by
shadows or relief displacement, or
where the target 1s subject to van-
dalism, two photoldentifiable points
are selected and located for use as
substitute stations.

Results of the analytical aero-
triangulation are used for the pre=-
clse orlentation of the black-and-
white infrared photographs and the
color photographs in a three~dimen-
slonal plotting instrument.

Duplicate transparencies are used in
1few of prints. Six pass points,
chosen in pelrs along the center and
edges of the flight strips are marked
on each aerotriangulation transparency
for use in the orientation of the
stereoscoplioc plotting instrument for
map compillation.

D R. K. BREWER

All pass points for the aerotriangu-
lation are marked with a point trans-
fer device (FPig. 11) using a drill
60 micrometers in diameter, The
photo-coordinates of aerial camera
fiducial marks, the pass points and
the control points are measured on
the aerotriangulation transparencies
using a two-plate stereocomparator
(Pig. 12) equipped with a one micro-
meter readout, Multiple readings
are taken for all points and camera
fiduclal marks,

As each flight strip is measured the
raw photograph coordinates and
correction factors for systematic
errors such as atmospheric refraction,
film deformation and radial lens
distortion are processed thru a
geries of computer programs, resulte
ing in final coordinate values for
subsequent mapping.

COMPILATION

Data processed through aerotriangula-
tion 1s furnished for automatlc
plotting of the base compilation
manuscripts at the required scale,
State plane coordinate grid lines
and tick marks for a polyconic
projection are placed on a stable
base mylar manuscript by means of

an automatic plotter (Fig. 13).
Positions of control points, land-
marks and aids to navigation, and
other points located during asero-
triangulation, are also plotted at
the same time, This skeletal manu-
script 1s then used as the base for
further compilation with the stereo-
scoplc plotting instrument (Fig. 14).

Stereomodels of color photography
are set in the instrument and
orlented to provide a three dimen-
sional orthographic view of the area
being mapped, Land and offshore
features are traced from these models
onto the base manuscript. The mean
low-water line 18 complled in si-
milar manner from the tide-coordin-
ated, black-and-white infrared pho-

tography.

After compllation and review of the
map manuseript, any dlscrepancies or
inadequacies which cannot be resolved
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in the office are noted and for-
warded to the fleld for verifica-
‘tion, As a result of field inspec-
tion, changes to the manuscript in
the form of additions or deletions
ere applied as appropriate.

The final version of the edited com=-
pilation 1s printed as a conventional
line map, with the mean low-water
line symbolized as a fine dotted
line, This map, or a set of such
maps a8 would normally be the case,
18 provided to a speclal committee
of State and Federal representatives
who use them as a basic tool for

the arbltration of selected points
along the mean low-water line., The
pointe selected form a segmented
bagseline from which the offshore
boundary will be projected,

The baseline points are indicated on
the maps, which are then returned to
the NOS compller for scaling state
plane coordinates of each point, A
final printing of the maps is made,
indicating the selected points and
iving the coordinates of each point
Fig. 15).

For some users of Natlonal Ocean
Survey maps and charts, the serles
of small dots paralleling the shore-
line are of only casual interest.
However, for users such as yourself,
who are engaged in the development

of the gutmerged tide lands and the
oontinental shelf, those dots are
important, and they are finanocislly
significant to the States and Federal
Governmant because they represent
the line which 1s the base for
positioning the coastal boundary.,

We appreciate the opportunity you
have given us to explain how this is
done and the next time you see our
field people wading the shell banks
and mud lumps you will know that we
are mapping the mean low-water line.
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Fig. 3 - An enlarged section cf
an aerial photograph shewing a
triangulation station target.

Frg. 2 - Tide staff observer radios water level
readings to command post.
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Fig. 5 - Aerial camera arrangement inside the

aircraft.

Fig. 7 - Infrared photograph taken of
identical Egea, but a few hours later

when the was at mean low water.
Note the mud flats and sand bars that
are exposed at low water.
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Fig. 6 - Infrared photograph taken at
mean high water.

Fig. 8 - The aerial film is custom processed,
using motor-driven wind-rewind developing
machines which have sensitive clutch
mechanisms that prevent tugging and
stretching of the film.
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Firg. 9 - Print processing is automated. This Fig. 10 - A field inspector determines the low water
machine develops color or black-and-white elevation of a sand bar that barely provides rocm
prints. for landing the helicopter.

Point transfer device for preciston
transfer of photo porints.

Fig. 13 - Automatic plotting instrument. Fig. 14 - Stereoscoptc plotting instrument.



[RETYRLTI VN

o

b . b

m\ C

LSOUTMWEST PASS TERMINAL
LOADING DOCK LIGHTS

VT 5N

N

\ g
»

I

T
-

3=2659440 AT,

é . y=147.455 £}
-t | 32658570 F.
O Tide Cusge -- cy=147.240 FT.
: . [T. f 2=2656005.F7. 222657830 FT.
o y=146.155 FT. / y=146725 FT. ¥y 146950 FT.
==2 652.940 FT. 2=2,645600 FT. *=2657.265 FT. °
¥=145.860 FT. y=148330 FT. o y=146240 FT.
< r=2651.705 FT.
¥y=145370 FT. COCKLER BAY
g ° [+ ] o o o
° °
Bavou . ° o«
® b o N =2 650610 FT.
o) 649,570 FT. ’="‘3 45 FT, ! Tk tatand
raton 43865 FT. YEIRSL P
o\ ° o 1] o
R z=12549.0%0 FT. ° o o
e, 2 p=2648525 FT. y=143520 FT. ° °q
/ : b y=IIs0ET _ . b 1o vamey
- o
2646860 FT. o °
a 7 y=142,295 FT. o o
O -] o .0 ° ° ° o
J2=2646460 FT. R
¥=141.750 FT.
,&Yn-un«,
° 6 Al weiis are not shown
£=2645.835 FT. o
y=140665 FT. o et o [ o o, ° o o o .
G z=2645348 FT.. o ° o
¥=140,190 FT. - °
) ., 4
N, z=2645.005 FT. 0 o . N i
l§~:y=139.455 FT. - -

Fig. 15 - Section of Louisiana coast map showing turn points with state coordinate values.



